We suggest a new formulation for the bosonic sector of the Standard Model. In the new formulation the Higgs field is not required.
In order to establish isomorphism (1) one has to fix a homomorphism
i.e. a Cartan subalgebra in SU (2), which gives rise to a representation U (1) → End SU (2) via the adjoint action of SU (2) on itself. This representation can be used to construct the semidirect product U (1) ⋊ SU (2). Let u(1) ¡ su(2) be the Lie algebra of U (1) ⋊ SU (2). Isomorphism (1) induces an isomorphism of Lie algebras, ψ : u(1) ⊕ su(2) → u(1) ¡ su(2), (ξ, x) → (g ′ ξ, gx − g ′ ξh), ξ ∈ u(1) ≃ R, x ∈ su(2).
In formula (2) h ∈ su(2) is a fixed element of the Cartan subalgebra in su(2), and we assume throughout of this paper that the standard commutators in u(1) and su (2) are rescaled by constants g ′ and g, respectively. In our construction these constants will play the same role as in case of the usual formulation of the Standard Model, and isomorphism (2) will be used to obtain particles of different masses without gauge symmetry braking. Now let B µ and A µ be the u(1) and su(2) -valued gauge fields (connections) on the Minkowski space. Denote by u(1) and su(2) the Lie algebras of the corresponding gauge groups U(1) and SU (2). The basic ingredient of the Standard model is the direct sum (B µ , A µ ) of connections B µ and A µ . (B µ , A µ ) is a u(1) ⊕ su(2)-valued gauge field on Minkowski space. Note that the isomorphism
induced by (2) can not be applied directly to the connection (B µ , A µ ) since the space of connections is not linear. But it can be applied to the curvature of (B µ , A µ ). Indeed, the components of the curvature (F µν (B), F µν (A)) of (B µ , A µ ),
are elements of the adjoint representation of the gauge group U (1) × SU (2), and hence
belongs to the adjoint representation of the gauge group
Note that from the definition of the semidirect product it follows that the su(2) component in the decomposition u(1)¡su (2) is invariant under the adjoint action of U (1)⋊SU (2) ≃ U (1)×SU (2). We denote by su(2) 1 this representation of U (1) × SU (2) in the space su (2) . By the definition of the representation su(2) 1 the component
defined by the r.h.s. of (3) takes values in su(2) 1 . Therefore F µν is invariant under the action of the gauge group U (1) × SU (2) 1 . The last important ingredient in the new formulation of the Standard Model is a covariant d'Alambert operator (B,A) associated to the connection (B µ , A µ ),
where D µ is the covariant derivative of the connection (B µ , A µ ),
The covariant d'Alambert operator can be applied to any tensor field defined on the Minkowski space and taking values in a representation space of the Lie group U (1)×SU (2), the u(1)⊕su(2)-valued gauge field (B µ , A µ ) acts on the tensor field according to that representation. Note that the operator (B,A) is scalar, i.e. it does not change types of tensors. In order to write down the Lagrangian of the Standard Model we have to fix a nondegenerate invariant under the adjoint action scalar product on su(2). We denote this scalar product by tr (for instance, one can take the trace of the composition of the elements of su(2) acting in the adjoint representation). Let t a , a = 1, 2, 3 be a linear basis of su(2) normalized in such a way that tr(t a t b ) = − 1 2 δ ab . We introduce the components A a µ of the gauge field A µ by
We also use similar notation for the components of any su(2)-valued quantity. We shall also put h = t 3 in formula (2). The bosonic sector of the Standard Model can be described using the following gauge invariant Lagrangian
the gauge group of the theory being U (1) × SU (2). In the expression above F µν is defined by formula (4), Φ µν is a skew-symmetric (2,0)-type tensor field with values in the representation su(2) 1 of the group U (1) × SU (2); η i , η i , i = 1, 2, 3 are pairs of anticommuting scalar fields with values in su(2) 1 ; they satisfy the following reality conditions:
We also use the standard convention about summations and lowering tensor indexes with the help of the standard metric g µν of the Minkowski space, g 00 = 1, g ii = −1 for i = 1, 2, 3, and g ij = 0 for i = j. The asymptotic states described by the quantized theory with Lagrangian (5) can be obtained from the abelian counterpart L 0 of Lagrangian (5),
where now
and
In view of the last formula it is convenient to introduce new fields A ′ µ and Z µ related to A 3 µ and B µ by an orthogonal transformation,
where
and θ W is the Weinberg angle. Now introducing the quantities
The first term in formula (10) obviously describes abelian gauge field A ′ µ , and according to the results of [3] , Sect. 4 the positive energy Poincaré invariant sector for the remaining terms in (10) contains two massive vector fields of mass mg and one massive vector field of mass m g 2 + g ′ 2 .
To identify these fields we introduce the following notation for the components Φ a µν of the field Φ µν :
and define the vector fields
and the transversal component A a ⊥ ,
The transversal and longitudinal components of the vector fields Z, A ′ , G a , φ a are defined by formulas similar to (11), (12). Here and below we write x = (x 1 , x 2 , x 3 ) for vectors in three-dimensional Euclidean space R 3 , and · stands for the usual scalar product in R 3 . In the Coloumb gauge,
the transversal components of the massive fields of masses m W = mg and m Z = m g 2 + g ′ 2 are the transversal components of A a , a = 1, 2 and of Z, and the longitudinal components of the massive fields are the longitudinal components of the spatial vector fields φ a , a = 1, 2 and of φ 3 , respectively. Therefore the transversal components of the spatial parts of the linear combinations
can be identified with those for the charged vector mesons of masses
and the transversal component of the spatial part of Z µ with that of the neutral vector meson of mass
The electromagnetic abelian gauge field A ′ µ remains massless. The masses of particles listed above are the same as in case of the usual formulation of the Standard Model (see [1] , Sect. 12-6). The quantum field theory generated by Lagrangian (5) is unitary and satisfies the energy positivity condition. Actually both the unitarity and the energy positivity conditions hold in the physical space of states described in [3] . In [4] it is also proved that the theory generated by Lagrangian (5) 
and all the operators with superscript * being regarded as creation operators. The normal symbol S = S(b
of the corresponding S-matrix in the Lorentz gauge can be expressed via Feynman path integral (see [3] , Sect. 6),
where η, η are the anticommuting scalar ghost fields (Faddeev-Popov ghosts) taking values in the adjoint representation of su (2) and satisfying the following reality conditions η * = η, η * = η. The components of the variables of integration in the Feynman path integral in formula (13) obey the following boundary conditions: A a ⊥ (x, t), a = 1, 2 can be expressed as
and A a ⊥ (x, t) satisfies the radiation boundary condition for the operator + m 2 W ; φ a (x, t), a = 1, 2 can be expressed as
and φ a (x, t) satisfies the radiation boundary condition for the operator + m F is the operator inverse to d'Alambert operator with Feynman (radiation) boundary conditions, and the variables A a (x, t), A a 0 (x, t) obey the radiation boundary conditions for the operator ; Z (x, t) and Z 0 (x, t) can be expressed as
